In normal brain , the blood-brain barrier (BBB) is highly impermeable to K + cations, their trans port being controlled by ATPases situated in the endo thelial cell membranes. 8 2 Rb + is a positron-emitting an alogue of K + with a half-life of 75 s. Using a steady-state model and positron emission tomography, quantitative extraction data for 8 2 Rb + transport across the BBB have been obtained both in normal human subjects and in a variety of conditions of cerebral pathology. A mean ce rebral Rb extraction of 2. 1 % was found for normal sub jects , corresponding to a mean value of 1. 1 x 10-6 cm S-1 for 8 2 Rb+ cation permeability across the BBB. No increase in cerebral Rb extraction was observed for pa tients with diffusely raised intracranial pressure sec ondary to obstructive hydrocephalus and benign intra cranial hypertension , or for patients with mUltiple scle-
rosis or cerebral systemic lupus erythematosus. Cerebral tumours that were enhanced on computed tomography scanning showed a significant increase in local Rb uptake. No correlation between tumour size , or grade of glioma , and tumour Rb extraction was found. Nonenhancing tu mours showed no increase in local Rb extraction , and regions of perifocal tumour oedema also had Rb extrac tion values in the normal range. It is concluded that in creased Rb extraction occurs only where tight junction integrity in the BBB breaks down locally, that is , in the microcirculation of enhancing tumours but not in that of perifocal regions of tumour oedema or nonenhancing tu mours. Key Words: Benign intracranial hypertension Blood-brain barrier permeability-Cerebral tumors Hydrocephalus-Multiple sclerosis-Positron emission tomography.
Normal brain is relatively impermeable to K + cat ions (Bradbury and Davson, 1965) , and perme ability coefficients of 8.5 x 10 -7 cm s -1 (Davson and Welch, 1971 ) and 2.8 x 10-7 cm S-1 (Hansen et aI., 1977) have been previously estimated for K + passage across the BBB. Potassium transport across the BBB is thought to be regulated by AT Pases situated in its endothelial membranes (Mrsulja et aI., 1984; Sweadver and Goldin, 1980; Cervos-Navarro et aI., 1983) . Excitable tissue such as muscle, where no such barrier exists, has a far greater permeability to potassium cations (Renkin, 1959) . Disruption of the BBB might be expected to increase cerebral permeability to K + ions. 82Rb + cations have been shown to be taken up by various organs at a similar rate and proportion to 4 2K + ions without impairing organ function (Love et aI., 1954; Kilpatrick et aI., 1956) . Rb + is an alkali metal cation with a smaller hydration sphere than K + but similar chemical properties. Yen and Budinger (1981) demonstrated increased cerebral uptake of both 8 6 Rb + and 82Rb + in mon keys when the BBB was disrupted following admin istration of an intracarotid infusion of 3 M urea. The same workers also demonstrated increased uptake of 82Rb + in enhancing cerebral tumours (Yen ct aI., 1982) , using a single intravenous bolus of 8 2 Rb + .
The purpose of this study was to obtain quanti tative 8 2 Rb extraction data and hence measure BBB permeability in normal human subjects, in a variety of cerebral tumours, and in neurological conditions where intracranial pressure was either locally or dif fusely raised or where inflammatory lesions were present.
METHODS

Calculations
Extraction was measured using the continuous intra venous infusion of 82Rb + , the steady-state model reported elsewhere in this issue (Lammertsma et aI., 1984b) , and positron emission tomography (PET) . From that com panion article, steady-state extraction of s2Rb T in the ab sence of back-diffusion is given by ER = AR rCBV f AR Cw (rCBF/rCBV + AR) -1 1 ( I ) rCBF Aw CR (rCBFIlOO + A O) AR and A O are the decay constants of H2Rb and 150, re spectively, and rCBF and rCBV are the regional CBF and the regional cerebral blood volume, respectively, both ex pressed per 100 ml of brain. AR and Aw represent the (Renkin, 1959; Crone, 1963) :
where P is the permeability coefficient. S the surface area of the exchanging capillary network, and F the CBF. This equation again assumes no back-diffusion of the tracer. which is reasonable for normal cerebral tissue as the bi ological half-life of Rb + cations is on the order of day s (Kilpatrick et aI., 1956) . Any 82Rb+ cations crossing the BBB will be effectively trapped during the seconds before radioactive decay occurs. In normal brain, the ex changing capillary surface area has a mean value of 100 cm2/ml (Raichle et aI., 1976) . Using this value. mean ce rebral permeability coefficients can be estimated for 82Rb in normal subjects from measured Rb extraction data.
The value of the exchanging capillary surface area varies in conditions of cerebral pathology, but the permeability surface area product represents a valuable expression of capillary permeability, and hence tight junction integrity, which remains independent of CBF. Vol. 4, No.4, 1984 Tracer preparation s2Rb was continuously eluted from an 82Sr/82Rb gener ator obtained from Los Alamos Scientific Laboratories, the parent 82Sr half-life being 25 days. A 0.9% saline so lution was passed through an alumina column containing the parent compound, and then through a cation-ex change resin designed to prevent S2Sr breakthrough (Yen et aI., 1982) . The solution containing 82Rb was checked for 82Sr breakthrough. sterility, and pyrogenicity before administration to the patient as a continuous intravenous infusion. Ta ble I details the doses received by various target organs during an s2Rb infusion. Steady-state arte rial whole-blood levels of 82Rb were established after �4 min of intravenous infusion.
The use of CIS0 2 and IICO in measuring rCBF and rCBV employing PET has been previously described (Frackowiak et aI., 1980; Lammertsma et aI., 1983) .
Scanning procedure
PET scans were obtained using an EG&G Ortec ECAT II scanner with a spatial resolution of 16 mm full width at half maximum (FWHM) (Frackowiak et aI., 1980 ). An 82Rb emission image was obtained by scanning selected tomographic planes for 5 min once a steady-state arterial s2Rb whole-blood level had been established. A ty pical 82Rb image contained 60,000-200,000 coincident events.
During the scanning procedure, steady-state arterial whole-blood 82Rb levels were measured from samples withdrawn through an indwelling radial artery cannula. Typically, two samples were collected for each plane, their mean value being used in Eq. I.
The recorded 82Rb emission scans were corrected for tissue attenuation with the aid of measured attenuation data obtained from a transmission scan of the same to mographic plane using an external 68Ge ring source as previously described (Frackowiak et aI., 1980) . rCBF and rCBV were obtained for the same plane using PET during continuous inhalation of CISOJ (Frackowiak et aI., 1980) and after inhalation of IICO (Phelps et aI., 1979; Lam mertsma et aI., 1983) . respectively.
Data analysis
Measurement of regional s2Rb uptake combined with rCBF and rCBV data enabled regional 82Rb extraction to be calculated using Eq. 1. The errors involved in such calculations are extensively discussed by Lammertsma et al. (l984b) . Regions of interest containing> 1 ,000 2.5 x 2.5 mm pixels are required to produce a coefficient of variation in Rb extraction for normal brain that is <10%.
In practice, however, smaller regions of interest had to be used where extraction of Rb by nonenhancing tumours and by regions of perifocal tumour oedema was being The output of the 82Sr/82Rb generator falls off with 82Sr decay. Maximum 82Rb output is 20 mCi/min. Target organ doses are calculated based on this maximum output.
assessed. The methods that were used for data analysis are detailed below.
To mographic cuts at the orbitomeatal line (OM) + 6.5/ 7.0 cm contain contributions from white matter in the centrum semiovale plus peripheral cortical grey matter (see Fig. 2 ). The choroid plexus in the lateral ventricles has no BBB at an endothelial level , endothelial cells being connected by numerous fenestrae. In Rb extraction scans at OM + 6.5/7 cm , such choroidal tissue is evident as a central region of raised Rb extraction ( Fig. I) . To measure mean cerebral Rb extraction , the boundary of an elliptical whole-brain region of interest consisting of � 2,000 2.5 x 2.5 mm pixels, and containing all the cerebral tissue at this level , was defined using the ring of high cortical blood flow evident in the peripheral grey matter in the rCBF image ( Fig. 1 ). This region of interest was then super imposed on the Rb extraction scan. Choroidal extraction was estimated by placing an elliptical region of interest around the central area of high extraction evident on the scan. The mean cerebral Rb extraction per pixel E was calculated from the formula:
where EtN t and E c N c are the total cerebral and choroidal Rb extractions , respectively, and N t and Nc the number of pixels in the two regions of interest.
In cases of hydrocephalus , cortical rather than whole brain Rb extraction was measured. The peripheral cor tical grey matter was defined from the rCBF image at a level of OM + 7 cm , using a cortical plot technique (Wise et aI. , 1983) . Rectangular regions of interest , 1.5 x 0.75 cm , were arranged contiguously over the peripheral ribbon of high cortical blood flow so as to give the highest mean rCBF per pixel. These regions of interest, totalling �900 pixels , were then stored and superimposed on the Rb extraction scan so as to give a mean value for cortical Rb extraction.
FIG. 1. Attenuation-corrected Rb uptake scan and regional CBF, regional cerebral blood volume (CBV). and Rb extrac tion (EX) images of a normal subject at 7 cm above the or bitomeatal line.
In tumour studies , regions of interest representing tumour, perifocal oedema , and contralateral brain tissue were defined by superimposing the computed tomog raphy (CT) transmission images at an appropriate level on Rb extraction and CBF PET images. Because of the 1.6-cm FWHM spatial resolution of our PET scanner, oedema Rb extraction was only estimated where oedema was clearly evident at distances of> 1.6 cm from the pe riphery of the tumour edge. In this way, artefactually in creased Rb extraction in regions of perifocal oedema due to a partial volume effect from activity within the tumour was avoided. A series of contiguous circular regions of interest containing a minimum of 49 pixels each was used to study Rb extraction in suitable perifocal regions of oedema , and their averaged value for Rb extraction was taken. Elliptical regions of interest containing � 1 ,000 pixels were used to study the contralateral hemisphere in tumour cases. Tu mour sizes were estimated from CT transmission images at the same axial level as the Rb extraction image.
Patient studies
A total of 33 patients and 3 normal controls were studied. All studies were performed under guidelines is sued by the Ethics Committee of the Royal Postgraduate Medical School , Hammersmith Hospital , London , and the U.K. Administration of Radioactive Substances Ad visory Committee. Informed consent was obtained from all subjects and patients prior to study.
Normal controls. Three normotensive subjects aged between 20 and 35 years were studied at a tomographic level of OM + 6.5 cm.
Cerebral neoplasm. Eleven patients with tumours
showing contrast enhancement on the CT scan (eight with gliomas and three with metastases) and three patients with nonenhancing gliomas were studied. To mographic cuts through the plane of the tumour were defined by reference to the anatomical level of the lesion on the CT scan , measured in centimetres above the OM.
Obstructive and normotensive hydrocephalus. Five pa tients who had symptoms due to acute obstructive hy drocephalus present between 1 and 4 months were studied. Three had a posterior fossa glioma , one a pineal tumour, and the fifth an aqueduct stenosis evident on CT scanning and ventricular CSF pressure monitoring. A pa tient with normal pressure hydrocephalus on ventricular CSF pressure monitoring for 24 h was also studied. Scans were performed at a level of OM + 7 cm.
Benign intracranial hypertension. Three patients with normal CT scans and CSF pressures of 58 , 29 , and 31 cm H 2 0 were studied , the first two being on no treatment and the third taking a thiazide diuretic. Scans were per formed at a level of OM + 7 cm.
Systemic lupus erythematosus encephalopathy. One patient who presented with clinical depression , ar thralgia , and pyrexia and who , on investigation , had a diffusely abnormal EEG , a normal CT scan , and an anti double-stranded deoxyribonucleic acid antibody titre of 100% was studied. Scans were performed at a level of OM + 7 cm.
Multiple sclerosis. Nine patients with clinically definite or laboratory-supported definite mUltiple sclerosis in re mission were studied. The diagnoses were made on the basis of clinical criteria laid down by Poser et a1. (1983) . All nine patients had locomotor dysfunction; disease du ration clinically ranged from 3 to 24 years. Five of the nine patients had generalised cerebral atrophy on CT scanning, and three had focal lesions in the white matter of the centrum semiovale ranging up to 2 cm in diameter. In the six cases where CSF was examined, it was ab normal with either an immunoglobulin G-to-albumin ratio of > 13% or oligoclonal banding on immunoelectropho resis. Five of the nine patients had visual evoked re sponses estimated, and all five had prolonged latencies of this parameter. Scans were performed at a level of OM + 6.5 cm. Figure I shows an Rb extraction scan of a normal subject at a level of OM + 7 cm. The attenuation corrected Rb scan and corresponding CBF and CBV images are also shown. The extraction scan shows high Rb concentrations in peripheral scalp muscle, venous sinuses, and centrally in the cho roid plexus. Figure 2 shows an anatomical slice of brain corresponding to such a PET scan at a level of OM + 7 cm. The mean CBF, CBV, and Rb ex traction data of the three normal controls calculated for whole-brain regions of interest are presented in Ta ble 2. An overall mean whole-brain 8 2 Rb extrac tion of 2. I % was obtained for these three subjects at a level of OM + 6.5/7 cm. Assuming a value of 100 cm 2 /ml for the exchanging capillary surface area in normal brain, such an 8 2 Rb extraction value cor- OM. orbitomeatal line; rCBF, regional CBF; rCBV. regional cerebral blood volume; PS, permeability-surface area product.
RESULTS
responds to a mean BBB 8 2 Rb permeability of I. I X 10-6 cm S-I. Ta ble 3 summarises mean whole-brain or cortical rCBF, rCBV, and Rb extraction data at a level of OM + 6.5/7 cm for the three normal controls, nine patients with mUltiple sclerosis, five patients with obstructive hydrocephalus, three patients with be nign intracranial hypertension, and single patients with normal pressure hydrocephalus and cerebral systemic lupus erythematosus. No significant dif ference in mean cerebral Rb extraction was found between these various groups of subjects, and no regions of focally increased Rb extraction corre sponding to focal white matter lesions in the mul tiple sclerosis group were evident. Figure 3 shows both the Rb extraction and CBF scans of a patient with a cerebral metastasis from the colon. The corresponding CT brain transmis sion scan is shown in Fig. 4 . The region of rCBF disruption corresponds to both tumour and sur rounding areas of oedema, whereas within the res olution of the scanner, the region of high Rb uptake corresponds to the tumour alone. Figure 5 shows a histogram of the tumour Rb extraction, illustrating a symmetrical fall-off in Rb extraction with distance from the tumour periphery. This partial volume ef fect of the tumour relates to the resolution of our scanner. The apparent increased Rb extraction in the adjacent area of tumour oedema is in fact an artefact; Rb extraction can be measured only in re gions of oedema further than 1.6 cm away from the tumour. Ta ble 4 summarises the mean 8 2 Rb extrac tion data for the 14 patients with cerebral tumours. Five of the I I patients with enhancing tumours had clearly identifiable perifocal oedematous regions on CT scan more than 1.6 cm from the tumour pe riphery. The mean Rb extraction of the group of enhancing tumours was significantly greater than the mean whole-brain Rb extraction measured at OM + 6.5 cm of the three normal SUbjects. No significant difference in Rb extraction was found between regions of perifocal oedema or contralat eral brain tissue in tumour patients and the brain tissue of normal subjects, or between nonenhancing cerebral tumours and normal brain tissue (Fig. 6) . Values are means ± SD. rCBF, regional CBF: rCBV, regional cerebral blood volume: PS, permeability-surface area product.
a Values apply to cortex, not whole brain.
Ta ble 5 compares tumour size and grade with the estimated tumour Rb extraction. No correlation was found either between the size of the tumour as assessed from the CT scan, or the grade of glioma and the mean tumour Rb extraction.
Of the II patients with enhancing tumours studied, 5 had undergone no radiotherapy treat ment, 5 were examined between I and 6 months after courses of radiotherapy, and I was studied both before and 2 weeks after radiotherapy. Figure  7 and Ta ble 6 show that there was no significant difference in Rb extraction between the treated and untreated groups, either by the tumours themselves or by contralateral brain tissue. One patient with an isolated cerebral metastasis from the colon was studied serially before and after treatment with dexamethasone (4 mg orally four times daily for 48 h), and then 2 weeks later following 2,000 rads of radiotherapy to the tumour. Ta ble 7 shows that dexamethasone treatment had little effect on Rb ex traction by either the tumour or contralateral ce rebral tissue. Following the course of radiotherapy, however, the Rb permeability-surface area product FIG. 3. Rb extraction (EX) scan and regional CBF image at 8 cm above the orbitomeatal line of a patient with a cerebral colonic metastasis, demonstrating high tumour Rb extrac tion and low tumour and perifocal oedema blood flow. of the tumour more than doubled, whereas, in con trast, that of the contralateral brain tissue remained little changed.
Two patients were studied serially before and I week after surgical removal of their tumours. Ta ble 8 presents Rb extraction data for cerebral tissue distant from the craniotomy site before and after surgery. Cerebral tissue at a level of OM + 6.5 cm was studied, this axial tomographic level lying 2. 5 and 3.5 cm above the plane of the tumour and the craniotomy site in the two cases. A diffuse increase in cerebral Rb extraction and permeability-surface area product was found acutely in both cases fol lowing removal of the tumour.
DISCUSSION
Our mean value of 11 x 10-7 cm s -I for BBB 82Rb + permeability in normal cerebral tissue is in good agreement with permeability values estimated previously for K + . These range from 2 to 20 x 10-7 cm s -I when a value of 100 cm2 g -I is assigned to S, the exchanging capillary surface area (Davson and Welch, 197 1; Hansen et aI. , 1977; Bradbury, 1979) . There are, however, two possible sources of error in our measurements of Rb + permeability, which should be considered.
First, the steady-state method for calculating 82Rb extraction requires a knowledge of rCBV in order to correct for the nonextracted intravascular 82Rb signal. When rCBV is estimated from IICO scans, a value has to be assumed for the regional ratio of cerebral small-to-Iarge vessel haematocrit, r. We have used the conventionally accepted value of 0.85 for r in these studies. However, a recent study suggests a value of 0.70 may be more appro priate (Lammert sma et aI., 1984a) . The use of this lower r ratio reduced the estimated Rb + per meability for normal brain from 11 to 5 x 10 -7 cm S-I .
Secondly, the steady-state method uses whole blood flow, as measured via Cl50 2 inhalation, rather than solvent flow, when calculating 82Rb extractions and permeability-surface area products. Data are presented by Lammertsma et al. (1984b) to show that all the 82Rb + in the bloodstream is in the plasma phase when steady-state 82Rb uptake scans are per formed, and so is all freely exchangeable. The re gional delivery of 82Rb + to cerebral tissue depends on the product of flow and exchangeable Rb con centrations. This product remains constant whether plasma or whole-blood quantities are used, and so calculated Rb extractions derived from the latter are valid, extraction equalling uptake divided by de- Tumour Oedema FIG. 6. Rb extraction by 11 contrast-enhancing tumours, 10 corresponding hemispheres of contralateral brain, 3 non enhancing gliomas, and 5 regions of perifocal tumour oedema more than 1.6 cm from the tumour periphery.
livery. By contrast, the calculation of regional per meability-surface area products requires a knowl edge of plasma flow (Eq. 2). This can be derived from whole-blood flow if again a value for r, the regional cerebral haematocrit ratio, is assumed. As signing r a value of 0.85 and the systemic haema tocrit a value of 0.4, regional cerebral plasma flow has a value 70% that of cerebral whole-blood flow. As a consequence, the use of whole-blood rather than plasma flow results in an overestimation of 54% for BBB Rb permeability. As r values vary in regions of cerebral pathology (D. J. Brooks, unpub lished observations), the actual overestimation in Rb permeability-surface area can be assessed only if this parameter is directly measured in such situ ations.
Whereas normal cerebral tissue yielded values of �2% for steady-state extraction fractions of 82Rb, extractions of up to 10% were found for choroid plexus using a I-cm-radius circular region of in terest. Such estimates of choroidal extraction are likely to be underestimations of the true extraction owing to the partial volume effect of the sur rounding lateral ventricle. Electron microscopy has shown the vascular ultrastructure of choroid plexus to consist of endothelial cells bridged by fenestrae (Hashimoto and Hama, 1968) . These fenestrae con sist of a fusion of the outer and inner membranes of the endothelial cells and are between 200 and 1,000 A wide. Such fenestrae are known to show increased permeability to Evans Blue bound to serum albumin (Vick, 1980) . Our results suggest they are also more permeable to Rb than normal brain vasculature.
Gliomas that fail to take up [ 99 mTc]pertechnetate on scintigraphy have been shown to have a vascular ultrastructure similar to that of normal brain on electron microscopy (Front and Israel, 1983) . The same workers demonstrated that gliomas that ac cumulated 99 Tc contained abnormal vasculature, electron microscopy revealing fenestrated endothe lium, gaps between endothelial cells, and increased pinocytosis. They postulated that the uptake of ra- dionuclides and intravenous radiopaque contrast agents depended on the pre sense or absence of such vascular abnormalities. Other groups of workers have shown similar abnormalities in meningiomas, cerebral metastases, human gliomas, and experi mentally induced gliomas (Hirano et aI. , 1972; Long, 1973; Waggoner and Beggs, 1976; Vick, 1980) . The observations on Rb extraction by cere bral tumours presented in this article are in agree ment with this postulate. Cerebral tumours that en hanced on CT scanning showed a high extraction of Rb, and those that were nonenhancing had an Rb extraction in the normal range. Our Rb steady-state method assumes no Rb back diffusion in order to calculate Rb steady-state ex traction values. Such an assumption may well be invalid for regions where the BBB is disrupted, such as enhancing cerebral tumours. Bolus intra venous administration of 81 Rb + , a positron emitter with a half-life of 4.7 h, enables regional Rb back diffusion kinetics to be assessed. An enhancing ce- Vol. 4, No.4, 1984 rebral tumour that had an 81Rb extraction fraction of 21% yielded a value of 0.02 min�1 for the rate constant for 81Rb back-diffusion. Lammertsma et al. (1984b) showed that neglect of such Rb back diffusion in calculating a steady-state 82Rb extrac tion for the tumour leads to a 4% underestimation in the true tumour extraction fraction. In practice, neglect of 82Rb back-diffusion by our steady-state model is likely to lead to only small underestima tions in true extraction fractions for regions where the BBB is disrupted.
When tumour Rb extraction fraction was com pared to tumour size and to grade of glioma on the Kernohan scale, no correlation between these three quantities was found. Such findings are at variance with permeability studies using [1 4 C]a-aminoisobu tyric acid (AlB) and induced cerebral tumours in rats. Both Molnar et al. (1983a) and Blasberg et al. (1983) observed a correlation between influx con stants (K) for AlB and tumour size in rat brain tu mours induced chemically with ethylnitrosourea. Anaplastic astrocytomas induced in rat brain with avian sarcoma virus, where the BBB was disrupted, had higher Kj values for AlB (Molnar et aI., 1983b) than oligodendrogliomas induced with ethylnitro sourea, where the BBB remained intact. Our find ings suggest that for human gliomas, disruption of the BBB owing to abnormalities in the vascular ul trastructure does not correlate with glioma cell dif ferentiation as assessed by the Kernohan scale. Human gliomas, however, are often heterogeneous and may be graded from sections of limited biopsy material. Further studies are needed to correlate tumour Rb extraction with detailed examinations of tumour cell differentiation and electron microscopic views of the abnormalities in the tumour microvas culature.
Perifocal tumour oedema is thought to be vaso genic in origin (Reulen et al. , 1972; Hossmann and Bloink, 198 1) . The oedematous brain contains an increased water and Na + content, but K + levels are undisturbed, as opposed to conditions of cytotoxic oedema, where the oedematous brain has a lowered K + content (Hossmann et al. , 1979) . It is likely that Values are means ± SD. the integrity of K + transport is preserved in regions of vasogenic oedema, but is deranged when oedema is cytotoxic in origin. The finding of Rb extractions in the normal range in regions of perifocal tumour oedema is consistent with the concept that such oedema is vasogenic rather than cytotoxic in origin. When CSF pressure is raised experimentally until the cerebral perfusion pressure falls below 50 mm Hg, loss of autoregulation, increased BBB perme ability, and cerebral oedema may all result (Pe tersen and Zuretrow, 1967; Rapoport, 1976) . Such disturbance leads to abnormal EEG records. Benign intracranial hypertension is a condition of unknown aetiology, in which CSF pressure is raised in the absence of ventricular dilatation or a space-occu pying lesion (Ahlskog and O'Neill, 1982) . Diffuse cerebral oedema is present, biopsies showing a swelling of all cellular components and also of the interstitial tissue compartment (Sahs and Joynt, 1956) . The nature of this oedema is unknown; how ever, these patients have normal EEGs and men tation, and it is unlikely that K + transport across the BBB is disrupted. The three patients we studied had CSF pressures of 58, 29, and 31 cm H 2 0 (normal range 8-15 em), but, as expected, their Rb extractions lay within the normal range. Again, in five cases of acute obstructive hydrocephalus with marked ventricular dilatation but normal mentation, no increase in BBB permeability to Rb was found. Multiple sclerosis has been shown at autopsy (Brownell and Hughes, 1962 ) and on nuclear mag netic resonance CT scanning (Young et aI., 198 1) to result in numerous clinically silent intracerebral plaques of demyelination. Five of the nine patients in remission that we studied had evidence of gen eralised cerebral atrophy on their CT brain scans, and three had focal white matter lesions in the cen trum scmiovale ranging up to 2 em in diameter. N one of the patients showed an increase in cerebral Rb permeability in spite of obvious intracerebral disease in five cases. Our results are in accordance with electron microscopic studies on chronic plaques of demyelination where tight junction in tegrity has been shown to be preserved (Jann Brown, 1973) . In one case of systemic lupus ery thematosus encephalopathy, although diffuse EEG abnormalities suggested a widespread vasculitis, again no BBB disruption could be demonstrated. The effects of radiotherapy on cerebral Rb ex traction are inconclusive, no significant difference being found between the groups of treated and un treated tumour patients. Our one serial study sug gested that tumour Rb extraction can be acutely increased following radiotherapy. Such a finding would not be surprising, as it has been shown that within days of administration of 1,500 rad of radio therapy to Walker rat carcinomas, progressive frag mentation of the microvasculature occurs (Rubin and Casarett, 1966) . Further studies of the effect of radiotherapy on cerebral Rb extraction are needed before definite conclusions can be drawn.
The generalised increase in cerebral permeability to Rb found in two patients acutely following cra niotomy may reflect dysfunction of the Na +, K + AT Pases in the BBB as an acute reaction to the trauma of the operation and the administration of a general anaesthetic. Again, more serial studies are required before any definite conclusions can be drawn.
CONCLUSION
Significantly increased Rb extraction was ob served only where abnormal vascular ultrastructure of the brain was known to be present, i.e., in en-hancing cerebral tumours. Rises in intracranial pressure, either local as in regions of perifocal oedema or diffuse as in benign intracranial hyper tension and acute obstructive hydrocephalus, did not appear to disrupt regulation of Rb transport. No change in BBB permeability to Rb was found in patients with chronic demyelinating disease in re mission. Using the 82Rb steady-state technique, a value for the BBB permeability to Rb is obtained in normal human brain that is in reasonable agree ment with previously estimated values for BBB per meability toward K + cations in animal studies. We conclude that the 82Rb steady-state method pro vides a useful means of quantitatively assessing BBB disruption.
